1. For several species, refuges (such as burrows, dens, roosts, nests) are an essential resource to obtain protection from predators and extreme environmental conditions. Refuges also serve as focal sites of social interactions including mating, courtship and aggression. Knowledge of refuge use patterns can therefore provide important information about social structure of wildlife populations, especially for species considered to be relatively solitary.
Summary
1. For several species, refuges (such as burrows, dens, roosts, nests) are an essential resource to obtain protection from predators and extreme environmental conditions. Refuges also serve as focal sites of social interactions including mating, courtship and aggression. Knowledge of refuge use patterns can therefore provide important information about social structure of wildlife populations, especially for species considered to be relatively solitary.
2. In this study, we sought to (a) infer social associations of the desert tortoise, Gopherus agassizii, through their asynchronous burrow associations, and (b) examine the effect of various drivers and population stressors influencing burrow use patterns in desert tortoises.
3. Using a graph theoretic approach we found tortoise social networks formed due to asynchronous burrow use to be more clustered, modular, degree centralized and degree homophilic than random networks. Geographical locations had moderate influence on asynchronous burrow associations.
4. We next used regression models combining long-term datasets across nine sites in desert tortoise habitat to test how burrow use patterns are influenced by the environment, density conditions, tortoise characteristics, burrow characteristics and three population stressors -drought, disease, and translocation. We found a large effect of seasonal variation and local tortoise/burrow density on burrow switching patterns. Among the three population stressors tested, translocation had the largest effect on burrow switching, with translo-
Introduction
Incorporating behavior into conservation and management of species has garnered 
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Quantifying patterns of refuge use is especially useful for relatively solitary 12 species, as it can provide important information about their social structure. So- 
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Materials and methods

92
Dataset
93
We combined datasets from nine study sites across desert tortoise habitat in the
94
Mojave desert (Fig.1) we did not assign edge weights to the bipartite networks.
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We further examined the social structure of desert tortoises by converting the The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/025494 doi: bioRxiv preprint first posted online Aug. 25, 2015; values indicate stronger modularity or clustering. To establish the significance of 129 the observed network metrics, we generated 1000 random network counterparts 130 to each empirical network using the configuration model (Molloy & Reed, 1995) .
131
The generated random networks had the same degree distribution, average network 132 degree, and number of nodes as empirical networks, but were random with respect 133 to other network properties.
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We next examined the spatial dependence of asynchronous burrow associations 
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Investigating burrow switching of desert tortoises:
160
In this model, the response variable was burrow switching, defined as the total 161 number of unique burrows used by desert tortoises during each sampling period.
162
An individual was considered to be using a burrow if it was reported either inside leads to over-estimation of true standard errors (Winkelmann, 2003) . We therefore 232 estimated 95% confidence intervals of fixed and random effects using bootstrapping 233 procedures implemented in 'bootMER' function in package lme4.
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We tested for the significance of fixed factors in both the models using likelihood Bipartite networks demonstrated considerable heterogeneity in tortoise degree and 249 burrow degree (Fig.3) . Tortoises visited more unique burrows on an average (= Table S3 ). Positive 263 degree homophily (when nodes with similar degree tend to be connected) suggests 264 that tortoises using many unique burrows often use the same set of burrows and 
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partite networks). SI Table4 presents the best models of BIC values for interactive 289 predictors that explain burrow switching in desert tortoises and burrow popularity.
290
The three interactions tested for burrow switching model were sampling period × 291 sex, sampling period × seasonal rainfall and local tortoise density × local burrow 292 density. We tested all possible combinations of the three interactions. The best 293 model contained interaction of sampling period × seasonal rainfall (SI Table4).
294
The evidence ratio of this model was over 92 times higher than the second best 295 model containing an additional interaction of local tortoise density × local bur-296 row density. We note that previous studies report sex difference in activity levels 
removed from the regression models.
314
Effect of animal attributes 315 Sex/age class had a significant effect on burrow switching (χ 2 =16.75, P=0.0002).
316
Overall, adults used more unique burrows than non-reproductives. Among adults, 317 males used slightly higher number of unique burrows than females (Fig. 5 ). There 318 was no effect of body size on individuals' burrow switching behavior (χ 2 = 0.2,
319
P=0.65).
320
Effect of burrow attributes
321
Out of the six burrow attributes included in the model, burrow age and surface 322 roughness around burrow had the highest impact on burrow popularity, i.e., num- 
of May-June and September-October when they are typically more active, and 336 lowest in winter months (Fig. 5) . In the late summer (July-August), tortoises 
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In contrast to the large variation in individuals' burrow switching behavior be- 
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dehydration, potentially increasing mortality. Therefore, to improve translocation 457 success, a fruitful area of investigation for future research will be to determine 458 potential causes of this change in burrow use behavior in translocated tortoises.
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There was no major effect of drought or disease on burrow switching patterns 
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Conclusions
482
We examined the patterns of burrow use in G. agassizii by modeling variation in 
Data accessibility
502
The data used for burrow switching and burrow popularity model can be accessed Integrating animal behavior and conservation biology: a conceptual framework. Esque, T.C., Nussear, K.E., Drake, K.K., Walde, A., Berry, K., Averill-Murray, R., 
Environmental characteristics
Sampling period Categorical The period of observation as described before. We divided a year into six periods of two months each Seasonal rainfall* Continuous Total rainfall recorded at weather station nearest to the study site (in inches) during a particular sampling period Temperature* Continuous Average, maximum and minimum temperature recorded at the weather station nearest to the study site and calculated over each sampling period in our model 
Density condition
Local tortoise density Continuous For burrow switching model: the average number of individuals found within 10,000 sqm grid around the focal tortoise each day of sampling period when the animal was surveyed. For burrow popularity model: number of individuals found in 10,000 sqm grid around the focal burrow averaged each surveyed day of the sampling period Local burrow density Continuous For burrow switching model: the average number of active burrows in 10,000 sqm grid around the focal tortoise each day of the sampling period when the animal was reported. For burrow popularity model: the number of active burrows in 10,000 sqm grid around the focal burrow. A burrow was considered to be active if it was reported to be occupied at least once during the current or any previous sampling period
Survey condition
Sampling days Continuous Total survey days during the sampling period Individual level bias Continuous Burrow switching model: Total number of days when the focal tortoise was reported using any burrow to account for any survey biases between individuals. Burrow popularity model: Total tortoises surveyed during the sampling period * Rainfall and temperature data was obtained from the nearest weather station to the study site using database available at National Oceanic & Atmospheric Administration website (http://www.ncdc.noaa.gov). ** See text for details.
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